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Bulk sediment C:N ratios can be used to detect large changes in the contributions of 
terrestrial-derived material to the sediments of lakes. All lakes considered in this project 
thus far had relatively low C:N ratios, indicating large contributions of aquatically
derived organic material to the sediments (Figure 4). In general, Togiak Refuge lakes had 
slightly higher and more variable C:N ratios than sediments from Lake Beverley, 
suggesting more terrestrial material in Togiak Refuge lake sediments. Three of the four 
lakes showed no large trends or outliers in the C:N in sediments through time. In contrast, 
sediments in High Lake showed a large and abrupt increase in sediment C:N at about 
1750 that persisted for about a century. The abruptness of the increase and the long 
recovery period back to baseline is strongly suggestive of a catastrophic watershed 
disturbance at about 1750 that liberated substantial amounts of terrestrially-derived 
organic matter that was deposited in the lake (Figure 4). 
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Figure 5. Bulk sediment B15N from 3 lakes on Togiak Wildlife Refuge and one lake 
(Beverley) in the Wood River system. 

The of sediments from all four lakes for which we have detailed reconstructions 
showed considerable variability over the last millennium (Figure 5). In general, lakes in 
the Togiak Refuge were less enriched in than Lake Beverley, corresponding to 
current salmon density differences in these systems. Both Togiak and Upper Togiak lakes 
showed considerable cycle variation in their signals, reflecting either long-term 
variation in salmon returns and/or variation inN loading from watersheds to these 
systems. We are in the process of partitioning out how much of this variation is 
attributable to salmon versus watershed nutrient loading by constraining the N mass-
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balance model with the observed changes in lake production as indexed by algal pigment 
concentrations in sediments. 
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Figure 6. Bulk sediment pigment concentration (B-carotene as an indicator of total 
algal abundance) as a function of S15N in lakes for which detailed stratigraphies 
have been established (as in Figure 5). 

Fossil pigment concentrations varied among study lakes but generally indicated good 
post-depositional preservation. The exception was Lake Beverley which had indications 
of poor preservation of these indicators of algal production. In general, variation in 
sedimentary pigment concentrations among lakes reflects algal residence time in the 
water column prior to sedimentation, whereby deeper systems have high rates of pigment 
oxidation prior to deposition in the sediments (Cuddington and Leavitt 1999). However, 
variation in pigment concentrations within a single core is generally a reliable indicator 
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of the temporal variation in algal production in single lake through time (Leavitt and 
Findlay1994). Pigment concentrations, especially B-carotene, in our study lakes showed 
various degrees of co variation with sedimentary 815N (Figure 6). Brocket al. (in press) 
showed that for Bristol Bay lakes, there were very strong, positive correlations between 
these two variables in lakes where salmon represented a major contribution to theN 
cycle. The strength of this correlation declined with decreasing salmon contributions and 
eventually became negative in lakes with negligible salmon-derived nutrient inputs. Our 
data seem to fit this pattern whereby Upper Togiak Lake has a strong positive correlation 
between sedimentary N stable isotopes and algal pigments. The relationship in Togiak is 
positive but not as strong, and in High Lake, is distinctly negative. 

Future Work 

In 2007 we plan to expand our coring efforts to put the Togiak Refuge lakes in more of a 
regional context. We will collect sediment cores from lakes draining to Bristol Bay 
including Snake, Amanka, Ualik, Pungokepuk, Gechiak, and Ongivinuk lakes. Sediment 
samples from all of these lakes will be pre-screened for surface sediment isotope 
characteristics to determine whether full, detailed core profiles should be developed for 
stable isotopes, algal pigments, and 210Pb profiles. 

In 2008, we will core Kuskokwim drainage lakes including Kagati, Klak, Goodnews, 
Middle Fork Goodnews, unnamed Goodnews, Kukaktlim, Canyon, and Arolik. Cores 
from these systems will be processed as for other systems in this project. 

Other future analyses will include refining the dating methods we have used so far to 
establish sediment chronologies in each of the lakes. We will also use the pigment data to 
refine our N isotope mixing model in an attempt to provide reconstructions of salmon 
population densities in each of these lakes on the Togiak Refuge and in the region. 

We will also refine our GIS work to better characterize watershed areas and the 
vegetation and soil coverage for each of the lakes to better understand the controls on 
non-salmon N loading to these systems. In particular we will take a closer look at the 
watershed of High Lake to explore potential mechanisms for the long-term decline in 
8 15N in this system, and how it might be related to the watershed disturbance that appears 
to have occurred at about 1750. 
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Table I. Physical characteristics and watershed area of lakes within Togiak National Wildlife Refuge. 

Elevation Length Width 
Depth 

Maximum Mean Surface area Volume 
Watershed 

a read 

Drainage Lake Name (m) (km) (km) (m) {m) __ {hectares) _ {tl_ll!'L_ (km2
) 

Bristol Ball 

Togiak Gechiak Lake 101 4 1.6 22 7.4 438' 32' 73 

High Lake 262 7.6 1 56 22.4 627' 151 83 

Hole Lake 55 0.9 0.7 27 10.7 46' 5' 2 

Nagugun Lake 285 8 0.8 58 22.4 509" 114' 43 

Nenevok Lake 351 4.8 0.8 32 10.9 246' 27' 80 

Ongivinuck Lake 163 2 0.8 12 6.1 79" 7' 28 

Pungokepuk Lake 69 10.5 1.6 17 5.4 604' 32' 36 

Togiak Lake 67 22.5 1.6 143 76.5 3,884' 2,973' 1,306 

Upper Togiak Lake 92 7.2 1 67 34.3 738' 233' 161 

West Togiak Lake 24 3.1 1.2 24 7.1 171' 11' 

Kuskokwim Ball 

Goodnews Canyon Lake 147 3.4 0.5 46 17.9 120" 21' 

Goodnews Lake 122 7.2 1 40 16.4 382b gob 

Kukaktlim Lake 122 1.9 2.4 4 2.9 259' 7' 

Kanektok Kagati/Pegati Lake 274 4.8 1.1 51 15.9 1,057b 224b 

Kanuktik Lake 350 6.4 1.4 38 16.2 807b 180b 

Klak Lake 320 1.9 1 unknown 69' 

Ohnlik Lake 305 3.1 1 43 19.5 144" 28' 

a MacDonald 1996 (using compensating polar planimeter method). 
b Bosch et al. 1995 (using software Surfer to calculate area and volume from digitized bathymetry). 
c Estimated volume using Arc View free-hand polygon tool to generate bottom contour and MacDonald ( 1996) surface area estimate. 
d Based on Digital Chart of the World for Alaska (ESRI 1996) hydrologic coverage. 
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Appendix 1. Historical sockeye salmon escapement, Togiak 1\ational Wildlife Refuge 1958 to 2005. 

lgushik Togiak Kanektok MF Goodnews 
Year Tower Tower Weir Weir 

1958 107,478 

1959 642,851 

1960 491,811 162,810 
1961 294,102 95,454 

1962 15,660 47,352 
1963 92,184 102,396 

1964 128,532 95,574 

1965 180,840 88,486 

1966 206,360 91,098 
1967 281,772 69,330 

1968 194,508 42,918 

1969 512,328 109,266 

1970 370,920 192,096 
1971 210,960 190.842 

1972 60,018 74,070 

1973 59,508 95,730 

1974 358,752 82,992 

1975 241,086 160,962 

1976 186,120 158.190 
1977 95,970 133,734 

1978 536,154 273,576 

1979 859,560 171,138 

1980 1,987,530 461,850 113,931 

1981 591,144 208,080 49,175 49,108 

1982 423,768 244,734 55,940 56,255 

1983 180,438 191,520 2,340 25,816 

1984 184,872 95,448 30,840 32,053 
1985 212,454 136,542 16,270 24,131 

1986 307,728 168,384 14,949 51,069 

1987 169,236 249,676 51,753 28,871 

1988 170,454 276,612 30,440 15,799 

1989 461,610 84,480 14,735 21,186 

1990 365,802 141,977 32,082 31.679 
1991 756,126 254,683 43,500 47,397 

1992 304,920 199,134 14,955 27,268 

1993 405,564 177,185 23,128 26,452 

1994 445,920 154,752 30,090 55,751 

1995 473,382 185,718 na 39,009 

1996 400,674 156,954 71,637 58,264 

1997 127,704 131,598 96,348 35,530 

1998 215,904 153,576 na 32,837 

1999 436,626 155,898 11,670 48,205 

2000 413,316 311,970 32,341 

2001 409,596 296,676 22,606 

2002 123,156 162,402 58,367 22,101 

2003 194,088 233,370 127,471 44,387 

2004 109,650 129,462 101,775 52,576 

2005 365,712 149,178 160,702 111,458 
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Average 340,934 164,128 102,717 39,686 
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Appendix 2. Historical sockeye salmon escapement1 estimates by aerial survey, Togiak River drainage, 
1970-2005. 

Togiak Gechiak Pungokepuk Kemuk Kashaiak Ongivinuk 
Year River River River River River River Total 

1970 5,600 2,600 2,600 10,800 

1971 2,600 4,400 2,400 9,400 

1972 400 700 3,400 4,500 

1973 3,600 3,800 3,800 11,200 

1974 12,000 3,400 2.200 3,000 20,600 

1975 12,200 1,660 2,900 2,760 19,520 

1979 14,200 1,040 1,500 5,600 22,340 

1980 37,200 6,400 5,000 1,000 6,400 4,000 60,000 

1981 28,200 5,400 6,300 6.800 46,700 

1982 4,600 7,200 5,000 200 9,600 26,600 

1983 9,600 2,200 1,400 2.400 15,600 

1984 21' 100 5,600 4,900 4.600 36.200 

1985 3,600 800 1,000 3,400 8,800 

1986 27,000 27.000 

1987 10,400 7,200 1,200 9,800 28.600 

1988 18,800 4,000 2,200 7,400 32,400 

1989 15,200 3,000 1,260 300 19,760 

1990 17,540 11,440 11,960 5,100 2,380 48,420 

1991 15,980 3,280 2,440 2,020 23,720 

1992 6,060 2,560 2,800 4,400 15,820 

1993 4,600 2,540 1,080 5,900 14,120 

1994 6,200 1 '120 3,740 7,800 18,860 

1995 6,520 3,490 2,000 8,400 4,660 25,070 

1996 18,320 4,540 300 200 480 6,380 30,220 

1997 16,400 3,200 900 100 1,300 5,600 27,500 

1998 9,780 6,200 300 20 5,600 21,900 

1999 10,800 22,550 2,950 200 150 13,400 50,050 

2000 25.200 16,200 1,850 300 200 1,550 45,300 

2001 6,520 200 6,720 

2002 4,100 10,000 150 3,050 2,900 20,200 

2003 

2004 6,100 100 6,200 

2005 5,580 640 240 20 240 220 6,940 

Mean 12,059 6,383 2,258 645 2,605 4,655 24.772 

% 48.7% 25.8% 9.1% 2.6% 10.5% 18.8% 100.0% 
1 Escapement= peak aerial live count x 2. 
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